Ionic characterization of the Xingu River water's in the region of the future UHE Belo Monte (PA)
(With 1 figure) The differentiation in the quality of the Amazonian waters is closely related to the geological, geochemical and petrographic aspects of the headwaters of the major rivers (Furch, 1984) . The Xingu River is one of the main right bank tributaries of the Amazon Basin and is characterized by having clear and transparent waters. The Xingu basin drains 509,685 km 2 of land with basic geological features related to the chemical composition of the water (Stallard and Edmond, 1983 ) that present clear, transparent, with a small amount of suspended solids, pH between 4.5 to 7.0. The Xingu River has its origin in pre-Cambrian land and drains crystalline rocks of the Guiana Shield and the Central Plateau of Brazil. The aim of this study was to assess the ionic characteristics of the water in different compartments of the Xingu River in the area of the future UHE Belo Monte during the hydrological periods of flood and drought.
Thirty seven sampling stations were selected in the Xingu River Basin for monitoring the water quality. One sampling station was selected in the upstream portion of the future reservoir; 12 in the future Xingu Reservoir; 5 in the future Intermediary Reservoir that, at this moment, are tributaries of the Xingu River, mainly igarapés; two stations in the Bacajá River; 13 sampling stations in the Volta Grande do Xingu and 4 stations downstream the dam and the Volta Grande do Xingu. All stations were located in backwaters sites and near-shore regions, where conditions are regionally more representative and homogeneous. The water samples were collected during three annual hydrological cycles as part of the "Basic Environmental Project" (PBA) of the Belo Monte Hydroelectric Power Plant (UHE Belo Monte). Two field campaigns were analyzed in each cycle in the following hydrological seasons: March 2012 (flood), September 2012 (dry), April 2013 (flood), October 2013 (dry), April 2014 (flood) and October 2014 (dry). All procedures for sampling, preservation and transportation of the samples were performed according to the APHA (1998). The water samples were analyzed for the dissolved ions concentration (fluoride, chlorine, bromide, nitrate, sulfate, sodium, ammonium, potassium, magnesium, calcium) using liquid chromatography (DIONEX model DX-80), and for total Kjeldahl nitrogen and total phosphorus concentrations using methodologies described in APHA (1998).
The surface water quality in the Xingu River basin showed high spatial heterogeneity, being influenced by the conditions of the surroundings and the areas drained by the water bodies analyzed. In fact, it has long been recognized that aquatic ecosystems are strongly influenced by the landscapes through which they flow (Allan, 2004) . The results of the ionic composition of the waters of the Xingu River and its tributaries showed variation between the dry and rainy season (Table 1 ). In the future Intermediary Reservoir section, formed mainly by streams being barred and Bacajá River, which has a different contribution basin were the sites that had the highest concentrations of fluoride, chloride, sulfate, sodium, potassium, magnesium and calcium in the dry season. The nitrate concentration was higher in the dry period only in the region of the future Intermediary Reservoir (112.52 ± 88.59 μgN.L -1 ), probably originated from the decomposition of organic matter accumulated in the streams after receding waters of the flood period. The concentrations in the remaining stretches were higher in the rainy season (170.55 ± 102.30 μgN.L -1 in Bacajá River). The concentrations of the major ions (Na ) in the Xingu River were very similar between the dry and the rainy season and the largest differences were observed in the area of the future Intermediary Reservoir and Bacajá River. The total Kjeldahl nitrogen concentrations varied between 0.71 and 1.10 mg.L -1 in the dry season and the highest concentrations were observed in the Bacajá River and the Xingu Reservoir, in the latter mainly by the contribution of streams that run through the city of Altamira (Table 2 ). In the rainy season the concentrations were slightly higher in the Xingu River, mainly in the downstream (1.14 mg.L -1 ), indicating that the organic nitrogen supply to the main body originates from the flooded areas and from the soil leaching of the drainage basin. On the other hand, the total phosphorus concentrations were slightly higher in the dry season, Reservoir were also observed in the rainy season, probably as result of increased particulate P input by resuspension of the sediment caused by the changes in the river flow and by the runoff of the basin soil into the streams. To highlight the relevance of rainfall or the local lithology in the ionic composition of the waters of the Xingu River and its tributaries was used the Gibbs diagram (Gibbs, 1970) . Figure 1 shows the ratio (by weight) Na/Na+Ca and the ratio (by weight) Cl/Cl+HCO 3 to the total dissolved salts in the water. It can be seen that precipitation is the major natural mechanism controlling surface water chemistry. The Bacajá River and the future Intermediary Reservoir have a little influence of rock weathering.
The Xingu River has a low ion concentration because its waters are originated from the Central Brazilian Shield, which is composed by geochemically poor Precambrian rocks (granite and gneissin) and by the fact that the basin has stable processes of erosion and sedimentation (Sioli, 1984) . The differences observed between the area of future Intermediary Reservoir, the Bacajá River and the main body of the Xingu River indicate that, although belonging to the same basin, the different portions of the Xingu River and its tributaries have different chemical characteristics, influenced by both the lithology of the drainage basins and the existing local anthropogenic impacts. Most sampling stations monitored in the UHE Belo Monte complex on the Xingu River and tributaries showed good water quality in terms of ionic concentration and nutrients (TKN and PT) due to the absence of major local impact and to the high depuration capacity of the Xingu River. The results also show the importance of the connectivity of the tributaries of Xingu River with the main river. Tributaries collect organic matter from the watersheds and the surrounding forest contributing thus for the chemical composition of Xingu River water (Tundisi and Matsumura Tundisi, 2013) . Furch (1984) , discussing the composition of the Amazonian water bodies, emphasizes that only the waters that originates from the geochemistry of the waters in the west peripherical amazonian region such as the Solimões River and várzeas lakes are classified as carbonate waters.
The remaining waters such as Xingu River are on the range of low carbonate. Also when compared with the average ionic composition of river waters in different continents (mg.L -1 ) (from Payne, 1986) , Xingu waters shows very low calcium ion composition.
